Introduction
Trans fatty acids (TFAs) are unsaturated fatty acids with 1 or more non-conjugated double bonds in a trans conguration (1) . TFAs are mostly produced using industrial hydrogenation and partially from bio-hydrogenation in the rumen of ruminants (2) . Unlike other dietary fats, TFAs are neither essential nor salubrious and are, in fact, harmful to human health. Reports have demonstrated that intake of high levels of TFAs can increase the risk of cardiovascular disease (CVD) (3), cancer, obesity, diabetes (4) and even allergies (2) . Therefore, TFA safety evaluation of foods has attracted public attention.
Variations in TFA amounts in foods from Western countries have been reported (1, 2) in recent decades. However, in China, current TFA contents and TFA risk management have seldom been reported. In addition, Chinese food safety issues have occurred frequently in recent years, affecting consumer confidence both at home and abroad. Both governmental and food industry practitioners have made great efforts to ensure food safety and improve food quality. Therefore, scientific surveys of TFA contents in Chinese foods and risk assessments are of great importance.
Edible oils, the most commonly used ingredient in Chinese traditional cooking, should never be overlooked. Hou et al. (5) made an assessment of TFA contents in Chinese edible oils in 2011 based on a total of 93 samples collected from a single city, which did not represent the entire situation in China. Consequently, in this study, 165 oil samples were collected from 7 cities in China for study of TFA contents, and an exposure assessment and a risk assessment were performed for evaluation of the safety and quality of oil products.
Materials and Methods
Oil sample collection and preparation Commonly consumed edible oils from 9 different sources as a total of 165 samples including rapeseed oil (RSO), tea oil (TO), soybean oil (SBO), peanut oil (PNO), salad oil (SO), corn oil (CO), lard (L), palm oil (PO), and blended oil (BO) were purchased from supermarkets in Harbin, Lanzhou, Chongqing, Wuhan, Shijiazhuang, Guangzhou, and Nanjing, located in different areas of China. Harbin and Shijiazhuang are located in the southeast, Lanzhou is located in the southwest, Chongqing is located in the northwest, Wuhan is located in the middle, Guangzhou is located in the north, and Nanjing is located in the east near the ocean. Three product brands were collected for each oil type in each city. Manufacture dates of oils were in the same year within a 3-month period. Oil samples were stored in clean opaque bottles at room temperature prior to analysis.
The American Oil Chemists' Society (AOCS) (6,7) method for determination of TFA contents in foods was used with minor modification. An amount of 1.5-2.0 mg of oil and 10 µL of a 4.5 mg/ mL internal standard (C21:0) (Sigma-Aldrich, St. Louis, MO, USA), were dissolved in 1.5 mL of n-hexane (Aladdin Reagents, Shanghai, China). Then, 40 µL of methyl acetate (Aladdin Reagents) and 100 µL of methanolic sodium methoxide (Aladdin Reagents) were added and allowed to react at 65 o C for 40 min for formation of fatty acid methyl esters (FAME). FAME profiles were determined using an Agilent 6890N capillary gas chromatograph (Agilent Technologies, Santa Clara, CA, USA) equipped with a flame ionization detector (FID). A CP-Sil88 capillary column (100 m×0.25 mm×0.2 µm) (Varian-Chrompack, Middelburg, The Netherlands) was used (5 (8, 9) . The averaged time (AT) value was calculated as: AT=ED year×365 day/year.
TFA risk assessment for Chinese edible oils A risk assessment model was first established including hazard identification, doesresponse assessment, exposure assessment, and risk characterization (9) . Then Crystal Ball was used for calculation of the hazard quotient (HQ) as (10): HQ= where RfD is a TFA reference dosage calculated based on reported World Health Organization statistics (8) . The RfD value for TFA in 2003 was 2.2 g/person/day (8, 11 ).
An HQ value <1 indicated that the total TFA intake from Chinese edible oils did not reach a critical value (8), indicating no risk for TFA consumption. Otherwise, there was a risk for TFA consumption and the higher the HQ value, the higher the risk.
Results and Discussion
TFA contents in different oils from different cities A summary of TFA contents (g/100 g of oil) of all oil samples is shown in Table 1 . TFAs were detected in all oil samples with total concentrations varying from 0.075±0.011 to 2.243±0.770 g/100 g of oil with a mean content of 0.66±1.009 g/100 g of oil. Most oil samples contained less than 2 g/100 g of oil, except lard from Guangzhou at 2.227±0.391 g/ 100 g of oil and soybean oil from Shijiazhuang at 2.243±0.770 g/ 100 g of oil. In all, 49.0% of oil samples exhibited a TFA content of less than 0.3 g/100 g of oil, while oil samples with TFA contents between 0.5-1.0 g/100 g of oil and between 1.0 and 2.0 g/100 g of oil constituted approximately 23.6% of all oil samples.
TFA contents differed among different sources and among different cities. Detailed TFA content distribution characteristics and a comparison of TFA contents among different cities (A) and among different oils (B) are shown in Fig. 1 . Rapeseed oil, tea oil, and salad oil purchased from different cities exhibited no significant (p<0.05) differences in total TFA contents (Fig. 1A) . However, soybean oil, peanut oil, and blended oil from Shijiazhuang contained significantly (p<0.05) more TFAs than oils from other cities with mean concentration values of 2.243±0.770, 1.632±1.541, 1.979±2.082 g/100 g of oil, respectively. The TFA content in corn oil from Chongqing of 1.932± 0.072 g/100 g of oil was significantly (p<0.05) higher than corn oils from other cities. Lard obtained from Wuhan, with a TFA content of 0.141±0.086 g/100 g of oil, had the lowest TFA content. Lard from Harbin at 1.989±0.279 g/100 g of oil, Lanzhou at 1.671±0.196 g/100 g of oil, and Guangzhou at 2.227±0.391 g/100 g of oil had significantly (p<0.05) higher TFA contents than lard samples from other cities. Palm oil from Wuhan, with a TFA content of 0.103±0.019 g/100 g of oil, also exhibited the lowest TFA content of oils from Wuhan, while blended oil from Shijiazhuang at 1.979±2.082 g/100 g of oil exhibited the highest TFA content.
Generally speaking, oils with a high TFA content were usually from northern areas. Light industries, such as food processing and textiles are developed in the prosperous southern part of China; while heavy industry dominates the northern areas of China. Therefore, oil production techniques in northern cities may not be as well developed or as efficient as in southern cities and this might account for higher TFA contents in oils from northern cities. Lard from Guangzhou had the highest TFA content of all oil samples.
Wuhan, Shijiazhuang, and Nanjing oil samples showed no significant (p>0.05) differences in TFA contents (Fig. 1B) . In Harbin, lard and palm oil had the highest (1.989±0.279 g/100 g of oil) and the second highest (1.617±0.033 g/100 g of oil) TFA contents among Harbin oil samples. In Lanzhou, lard and palm oils contained significantly (p<0.05) higher TFA contents than other Lanzhou oil types with mean concentration values of 1.671±0.196 and 1.498± 0.341 g/100 g of oil, respectively. The TFA content in Chongqing corn oil at 1.932±0.072 g/100 g of oil ranked highest among all Chongqing oil samples. The TFA content in Lanzhou lard at 1.671±0.196 g/100 g Sensitivity analysis of the assumption Sensitivity analysis is used for estimation of the contribution of factors related to a forecast item on the final assessment. Here, the factors taken into consideration were the exposure concentration (Cf), the exposure duration (ED) and the average year (AT). Crystal Ball was then used for evaluation of the contribution of these factors. Cf had the highest sensitivity for the CDI value of total TFAs in edible oils, with a ratio of 99.37%, indicating that Cf was the main factor contributing to daily intake of TFAs among Chinese consumers. The exposure duration and the average year had contribution values of 0.27 and 0.36% respectively, indicating that an increase in ED or AT values would generate a slight rise for the EDI value of total TFAs in Chinese edible oils.
TFA risk assessment for Chinese edible oils TFA hazard identification: TFAs can enter human tissues via the normal fatty acid metabolic pathway and can cause adverse effects on the lipid metabolism, leading to physiologic effects on the human body, including both lipid and non-lipid effects (12) . Lipid effects include metabolism disorders of lipid and apolipoprotein, and nonlipid effects include insulin resistance, systemic inflammation, endothelial dysfunction, and adiposity.
TFAs can increase serum LDL-C and decrease HDL-C levels (12), thereby increasing the ratio of LDL-C to HDL-C, which is associated with an increased risk of cardiovascular disease (CVD). A previous Means from different cities with a different superscript a, b, c in the same column were significantly different (p<0.05). study (13) with 140,000 participants showed that for every 2% increase in TFAs intake, a 23% increase in the incidence of myocardial infarction and CVD death results. Additionally, an increasing amount of evidence suggests that TFAs intake can cause weight gain and fat accumulation, particularly visceral fat. On an isocaloric basis (11), weight gain caused by TFAs consumption was approximately 3-4x more than weight gain caused by saturated fatty acid consumption, and 7x more than weight gain caused by total fat consumption.
Evidence from clinical research has proved an association of type 2 diabetes incidence with TFAs consumption (1, 4) . TFAs probably interfere with cell membrane functions and there are reasons to believe that high levels of TFAs intake can affect insulin sensitivity and, consequently, increase the diabetes risk (13). Christiansen et al. (14) reported that, compared with monounsaturated fatty acids, dietary TFAs intake caused a significantly elevated postprandial insulin response. The main factors that cause higher TFAs levels in edible oils are: 1) edible oil refining, 2) hydrogenation of vegetable oils, and 3) inappropriate cooking methods. A number of substances, such as free fatty acids, phospholipids, carbohydrates, and proteins, that are present in natural vegetable oils, can cause changes in color, aroma, and taste of oils, which restrict oil applications and reduce product shelf-life. Therefore, oils should be refined to remove these substances.
Generally speaking, oil refining includes degumming, neutralization, bleaching, and deodorization steps. Oils are usually heated to temperatures between 60 to 100 o C before deodorization, then the temperature is increased to 180-270 o C in a deodorization step, which leads to formation of TFAs (15) . Tasan and Demirci (16) reported that TFA contents in oils increased 13.8x after refining.
Hydrogenated oil, due to a good consistency and melting in the mouth, has been frequently used in the food industry. Hydrogenation is based on reaction of unsaturated fatty acids of vegetable oil in the presence of a catalyst. High selectivity hydrogenation can cause a reduction in formation of saturated fatty acids. Therefore, a low hydrogen pressure, a moderate stirring speed, and a high temperature are often used in the hydrogenation process that, in turn, leads to formation of TFAs (15) . Chinese traditional cooking methods usually include sautéing and frying. However, high temperature processes increase TFA contents in oils and foods. Therefore, original TFA contents in edible oils should be controlled to a low level. TFA dose-response assessment in Chinese edible oils: TFA intake can affect the ratio of LDL/HDL in the human body (17) and a dosedependent response exists between the percentage of TFA intake and the LDL/HDL ratio. Increased consumption of TFAs caused the LDL to HDL ratio to increase (16) . Hazard quotient assessment of TFAs in Chinese edible oils: Assessment of the hazard quotient (HQ) was based on the Monte Carlo method. The mean HQ value for total TFAs in Chinese edible oils was 0.14, the median was 0.07, and HQ values at different percentiles were 0.01 (0%), 0.02 (10%), 0.02 (20%), 0.03 (30%), 0.04 (40%), 0.06 (50%), 0.09 (60%), 0.13 (70%), 0.21 (80%), 0.34 (90%), and 1.35 (100%) (Fig. 3) . At percentiles ranging from 0% to 90%, forecast HQ values were all <1, indicating a low risk for TFAs consumption in Chinese edible oils. Uncertainty analysis of TFA risk assessment in Chinese edible oils: Uncertainty of TFA risk assessment in Chinese edible oils was due to different factors. Differences between human populations may not have been considered. Reference RfD dosage values used for assessment should be current, but values used in this study needed to be updated. Hence, this risk assessment study of TFAs in Chinese edible oils should be considered as a reference point for current TFA distributions and as a forecast of TFA risks in Chinese edible oils.
TFA contents in 165 edible oil samples from 7 cites in China were evaluated in this study. Total TFA concentrations varied from 0.075±0.011 to 2.243±0.770 g/100 g of oil with a mean content of 0.66 g/100 g of oil. Only 2 oil samples contained more than 2 g of TFA/100 g of oil. Generally speaking, lard contained more TFAs than other oils. Exposure assessment showed that the mean EDI value for total TFAs in Chinese edible oils was low at 2.71E-04. Among all factors considered in evaluation of EDI values of total TFAs in edible oils, the exposure concentration (Cf) had the strongest contribution. In addition, risk assessment demonstrated that there was a low risk for TFA consumption in Chinese edible oils.
